Modern agriculture is developing in the direction of producing consistently high yields and high quality seed production. In this regard, the precision agricultural technologies are develop for the leveling a soil conditions. Individual phenotypic characteristics of plant are determined by the local soil conditions near their root's systems. As a result, the variance of plant's height is dependent on the spatial distribution of energy resources and nutrients in the soil. The variance of plant's height restricted to the genetic norm for this characteristic and it can been reduced when a soil conditions are leveled. In experiments with planting alfalfa was been shown, that the variance of plant's mass may decrease with an increase in the efficiency of plant-microbial symbiosis. Perhaps the plantmicrobial symbiosis is able to level a soil conditions and selectively stimulate the plants by using of the microbial metabolites. We assume that the effect of microbiological leveling soil conditions (MLSC) may be observed during destruction of plant's residues using microbial preparation. Previously, MLSC effect has not studied. Therefore, these theoretical and experimental researches are new. In addition, we have obtained new practically important results thanks to the use of the original fractal analysis of molecular-genetic data of the soil microbial community. The goal of this work was experimental and theoretical study of MPSC effect arising after destruction of plant's residues with the using of the microbial preparations, which was been developed in the All-Russian Research Institute of Agricultural Microbiology. To achieve this goal were used the data of two experiments. In the first experiment, the variances of the barley plant's height were been investigated after the destruction of plant residues using a microbial preparation Barkon. Out the second experiment used data of the molecular-genetic analysis of soil microbial communities after the destruction of plant's residues using three microbial preparations: Barkon, Bags and Omug. The preparation Barkon contains the consortium of bacteria and fungi; Bugs is a consortium of cellulolytic organisms, derived from biologically active soil; Omug is the microbial fertilizer obtained after biotechnological processing of poultry manure. The functional activity of microbial networks arising during the destruction of plant's residues with using of microbial preparations was been studied using fractal analysis of molecular genetic data of microbial communities in soil. With using of the fractal analysis was been obtained the fractal taxonomic portrait of microbial communities and the index of the functional efficiency of microbial network formations, which were formed during destruction of plant's residues. The first experiment showed that the using of preparations for the destruction of plant's residues leads to a gradual leveling of the soil's conditions and to reducing of the variance of plant's heights, which were been grown on these soils. Without these preparations, the dispersion of plant's heights increases with each successive year. From this, it follows that these preparations may initiate the effective microbial networks that are able to save the energy resources and the nutrients distributing them evenly in the soil. The moleculargenetic data from second experiment confirmed that the functional efficiency of the microbial networks after using preparations significantly increases due to better organization of destructive processes. The results of this study suggest that the destruction of plant's residues by using of the special preparations is a necessary and effective complement of the modern precision agro technologies. Thus, the microbial
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Keywords: the destruction of plant's residues with using of the microbial preparations; the microbial destructive communities in the soil; the dispersion of the individual heights of plants, the fractal-taxonomic portrait of the microbial community; the index of the functional efficiency of microbial networks Modern agriculture is developing toward sustainable high yields and high quality seed production. In this regard, the precision agricultural technologies for leveling soil conditions are being developed [1] [2] [3] [4] [5] .
The growing season of plants, starting from seed germination, depends on the local soil conditions in a small area surrounding the seeds and roots. Each plant is characterized by individual parameters of stem height, the number of vegetative organs, the weight of the above-ground and root parts, etc. As a result, there is dispersion (variability) of quantitative phenotypic traits in the populations. On the top it is limited to the allowable normal plant response to changes in the environmental factors [6] , and may decrease in the setting of the soil conditions leveling [7] [8] [9] [10] . A decrease in the variability of phenotypic traits of plants was found in the 3-year experiments in alfalfa (Medicago sativa) [11] . Each year, the ratio of genotypic and phenotypic components of the plant biomass dispersion changed. The observed increase in the variety-strain (genotypic) component and a decrease in a random (phenotypic) one may have been caused by the leveling of the soil conditions as a result of increased efficiency of microbial-plant symbiosis, although it could also be the result of targeted stimulation with microbial metabolites [12, 13] in those plants in the population, which were in a less favorable environment compared to the remaining plants.
We assume that the effect of microbiological leveling of soil conditions (MLSC) is associated with the destruction of plant residues by microbial-based products. In this case, there is a selective accumulation of nutrient resources by microorganisms in soil microniches which initially lack them. MLSC is possibly a consequence of the diffusion of low molecular weight nutrients, resulted from the plant residue degradation, to areas with a low content of nutrient resources. It is obvious that in such leveled soils plants must demonstrate a lower variability of quantitative phenotypic traits and the high yield quality [14] .
To date, the question whether the MLSC processes are affected by microbial products that cause the destruction of plant residues in the soil in the pregrowing period of the year (without plants), has not been investigated. We are the first to describe these effects, having received significant for the practical application results by using a genuine fractal analysis of molecular genetic frequency data for soil microbial communities, and the coefficient of variation of the individual heights of plants grown on the respective soils.
The aim of this work was an experimental and theoretical study of the effect of microbiological leveling of the soil conditions using microbial-based products which initiate the functioning of microbial networks in soil.
Techniques. In the experiment 1 (carried out in 2011-2014), we used an experimental sample of a microbial-based product Barkon for humification of plant residues (developed by the All-Russian Research Institute for Agricultural Microbiology, ARRIAM), which consisted of a consortium of bacteria and fungi [15] . In pots containing the sod-podzolic soil (3.5 kg, C hum 2.0 %, N tot 0.19 %, pH sol 5.6), barley straw (BS) was laid at a depth of 0-3 cm. This experiment included the following options: 1 -control (without addition of BS), 2 -addition of BS without inoculation of Barkon, 3 -addition of BS, inoculated with Barkon (1 ml/10 g of straw). The crushed BS (air-dry weight 10 g per pot) in the options 2 and 3 was introduced into pot 3 times, i.e. in autumn of 2011, 2012 and 2013. There were 4 pots used in each option. Fertilizers were not added in the pot during the experiment. Barley plants (Hordeum L.) were planted into the pots in the spring 2012, 2013 and 2014 (30 pcs per pot), and at the end of the growing season (autumn 2012, 2013 and 2014) the height of the aboveground parts of plants (100-120 pcs per experiment option) was measured. The data were processed using the analysis of variance [16] , and the coefficient of variation of this phenotypic trait per each experiment option was calculated.
In experiment 2, molecular genetic data on the microbial communities were used to study the network organization of microorganisms, which constituted the basis of the biologicals for the destruction of cereal straw [17] . Per 1 kg of cultivated sod-podzolic soil (C hum 4.02 %; N tot 0.316 %; pH sol 5.63) in each pot, 3 g of crushed rye straw (RS) was added in three ways, i.e. either superficially or laying down the surface at a depth of 0-3 cm and 9-12 cm. To accelerate the decomposition, the straw was treated with Bags, Barkon and Omug, according to the the developers' recommendations (ARRIAM). Bags is a consortium of cellulosolytic microorganisms based on the biologically active substrate [18] , and Omug is a microbial fertilizer obtained after biotechnological processing of poultry manure [19] .
On day 60, the molecular genetic analysis of 12 soil samples was performed using a standard technique [19] and a CEQ 8000 genetic analysis system (Beckman Coulter International S.A., Switzerland). Data on the frequency of occurrence of operational taxonomic units (OTE) in the soil samples were subjected to a modified fractal analysis [21] [22] [23] [24] [25] [26] in order to obtain information about the characteristics of the resulting microbial network formations. Taxonomic data were not used in the study. Data on the taxonomic analysis of the same data were presented earlier [17] .
Results. In the experiment 1 (options 1 and 2), the coefficient of variation of plant heights (VPH) in barley plants increased from 1 st to 3 rd year of observation ( Table 1 ). The total amount of nutrient resources in soil was likely to decrease, thereby increasing the variability of the soil conditions and individual plant heights.
In the option 3, the coefficient of VPH over the years, on the contrary, decreased (see Table  1 ). This suggests that using a microbial-based product led to a gradual increase in the efficiency of soil destructive microbial community. The accumulation of nutrient resources for plants and leveling of soil conditions can take several years [27] .
It is probable that low molecular weight nutrients are formed during this period, diffusing into microniches with their low concentration, which might also lead to fading initial differences between the microniches.
Microbiological degradation of plant residues can be represented as a gradual division of organic molecules into a growing number of fragments of decreasing size. As a mathematical object displaying the destruction of the molecules, it is proposed to use the power series of non-integral numbers, belonging to the fractal numerical series [28, 29] . For example, a sequence (1, 1 / 2 , 1 / 4 , 1 / 8 , ...) is a fractal set as it is formed obeying the rule fixed for all numbers in the set: each following number in a series is twice as little as the previous one. Numbers from fractal series can be roughly compared with the size of fragments of molecules. Then the position in the fractal series will mean a number of the destruction stage, and the current number of a series will indicate the size of fragments of molecules, which are subjected to destruction at an appropriate stage. Actual degradation processes take place with the change of molecular fragmentation rules. At some stages the number of fragments can be doubled, in other -tripled, i.e. we assume that the microbiological degradation processes are multifractal [30] [31] [32] [33] [34] .
The coefficient of variation of plant heights (VPH) in barley plants when grown on soil with barley straw (BS) added as plant residues, and depending on the inoculation of the microbial-based product Barkon
Our studies have shown that for the fractal series-based mathematical modeling of complex destructive processes of organic molecules it is sufficient to use only the first three members of the fractal series. This restriction considerably simplifies the identification of complex destructive processes with unknown beforehand rules of fragmentation and number of stages of destruction.
We believe that the destruction of organic molecules of plant residues by microorganisms is carried out along with the formation of multifractal network microorganism structures [35, 36] . Moreover, the process takes place with the involvement of the required number of microorganisms which is proportional to the number of fragments undergoing degradation. Such an assumption allows for fractal analysis of microbiological destruction processes based on the OTU frequencies of occurrence using the following mathematical rule that binds the frequencies of three OTUs: (1) where p k is frequency of occurrence of microorganisms of the k OUT which perform the destruction of organic molecules at the k stage (k = 0, 1, 2); p max is frequency of occurrence of the microorganisms of the dominant OTU in the soil community; a is a constant coefficient, a fractal index of the primary destructive set of microorganisms (PDS).
The logarithmic dependence (1) enables to isolate and identify three OTUs combined into the PDS, in which the microorganisms carry out destruction of organic molecules obeying a single rule of fragmentation. To detect several PDSs in microbial communities, it is required to try all possible combinations by three OTUs and select those which satisfy the following equations: (2) where 1 > p 0 > p 1 > p 2 are frequencies of occurrence of OTUs, forming the PDS, the microorganisms of which carry out the destruction of organic molecules in three steps obeying a single rule of fragmentation; 0  d  0,01 is a margin of error of the fractal PDS index to identify it, which depends on the accuracy of measuring the OTU frequency parameters.
The figure (A) shows an ordered series of normalized logarithms of frequencies of 22 OTUs from the experiment 2 (the option with the Barkon use and location of inoculated RS on the soil surface). As an example, three OTUs, the frequencies of which satisfy the equations (2), are shown. Consequently, the corresponding microorganisms were involved in the degradation of plant residues, obeying a single rule of fragmentation, and formed the PDS.
The following method of constructing the fractal taxonomic profile of microbial communities was proposed to visualize all the PDSs in the community of microorganisms (see Fig., B) [37] . Every three circles connected by vertical lines on the profile represent three OTUs as part of a PDS. This is the way to display a three-stage degradation of organic molecules with corresponding microorganisms obeying one of the fragmentation rules. The greater the distance between the circles in the PDS, the higher are both the coefficient of division into fragments at the relevant stages of microbial degradation and the fractal PDS index. Horizontal lines, connecting the same OTUs, indicate microorganisms which are present in several PDSs. In addition, the horizontal axis d-component of each PDS indicates the error of the fractal index of the corresponding PDS (2) .
In our experiment, the fractal taxonomic profile of the destructive microbial community (see Fig., B) was a complex network formation, consisting of 21 PDSs which were formed by 22 OTUs. OTU ¹ 7 and ¹ 22 entered the PDS only once, and all the remaining -two or more times. Consequently, some groups of microorganisms could function simultaneously in several PDSs obeying different rules of the molecular fragmentation. These microorganisms may simultaneously synthesize several enzymes that could lead to a decrease in the rate of synthesis and reduced efficiency of the entire destructive process. We therefore propose to calculate the functional efficiency index of microbial network formations (ENF) using the following formula: [3] where I NET is the index of ENF; N M is a total number of OTU which formed the PDS; N F is the number of PDS in the microbial community.
The highest ENF index is 1, and all OTUs are only in one PDS in the microbial community. In other words, such a destructive microbial community operates with maximum specificity (one group of microorganisms is equal to one destructive function). Table 2 shows the ENF indices describing the efficiency of degradation of plant residues by the soil microbial communities, initiated by microorganisms which are the ingredients of the following products: Bags, Barkon and Omug. In the control, the ENF index appeared to be lower than in other option, i.e. the     , microbiological processes were disorganized and ineffective. The use of microbial-based products significantly increased the efficiency of the microbial communities, which was confirmed by increases in the ENF index values compared to the control and the experimental options without their application. When the straw was laid in the upper layers of the soil, the highest ENF indexes were observed with the use of microbial-based products Barkon and Bags. The development of networks, initiated by these biologicals, occurred with the involvement of aerobic soil microorganisms as suppliers of energy resources [38] . In contrast, the composition of Omug included poultry intestinal microorganisms, i.e. those from the anaerobic environment. When Omug was used, the greatest value of the ENF index was observed in the setting of deep (9-12 cm) laying of the straw into the soil.
Comparing the data from the experiments 1 and 2, we can state the following. A gradual increase in the functional efficiency of the network destructive microbial formations initiated by the biological was the major reason for the negative trend in the VPH coefficient values by year in the option 3 of experiment 1. The long-term adjustment of the microbial community for the optimum destructive activity may not be only aimed at the destruction of plant residues, but also at restoring the required amount of energy resources and nutrients in the soil, as well as their leveling in the soil area.
Thus, the destruction of plant residues with the help of special microbial-based products can effectively and at lower cost solve problems of leveling the amount of energy resources and nutrients in the soil. In addition, the initiation of destructive microbiological processes contributes to restoring the required amount of energy resources and nutrient content in the soil, enhancing the stability of yields and improving the quality of the obtained plant products.
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